Genetic aberrations have emerged as major prognostic factors for patients with multiple myeloma (MM). We evaluated 126 MM patients for t(4;14) or t(11;14), 13q or p53 deletions and correlated the number of genetic aberrations with patient's clinical outcome following undergoing autologous stem cell transplantation. We demonstrate the significance of genetic-based risk classification that clearly segregate patients into low (no genetic abnormalities or only t(11;14)), intermediate (any one of the genetic abnormalities other than t(11;14)) and highrisk groups (any two or more of the genetic abnormalities other than t(11;14)). High-risk patients do not benefit from stem cell transplant and should be offered alternative therapies. deletions; p53 deletions; fluorescence in situ hybridization; autologous stem cell transplantation Multiple myeloma (MM) is a clonal plasma cell malignancy characterized by recurrent genetic changes that include chromosome 13q14 deletions and translocations involving the immunoglobulin heavy chain switch region (IgH) with various partner genes, most commonly t(11;14) and t(4;14).
deletions; p53 deletions; fluorescence in situ hybridization; autologous stem cell transplantation Multiple myeloma (MM) is a clonal plasma cell malignancy characterized by recurrent genetic changes that include chromosome 13q14 deletions and translocations involving the immunoglobulin heavy chain switch region (IgH) with various partner genes, most commonly t (11;14) and t(4;14). 1, 2 We and others have found that t(4;14) but not t (11;14) detected by cytoplasmic fluorescence in situ hybridization (cIg-FISH), is an adverse risk factor for MM patients receiving high-dose therapy and autologous stem cell transplantation (ASCT). 3, 4 In addition, we found that p53 deletions are an independent adverse prognostic factor in MM patients undergoing ASCT. 5 We now extend our analysis by studying MM patients evaluated by cIg-FISH for each of these four genetic abnormalities and propose a new genetic-based risk stratification model for MM patients treated with high-dose chemotherapy and ASCT. Specifically, we suggest that genetically high-risk patients do not benefit from high dose melphalan and should be offered alternative therapies.
Patients and methods
A total of 126 MM patients who received melphalan-based high-dose chemotherapy and ASCT were studied. The major clinical and biological features are summarized in Table 1 . After institutional ethics review board approval, bone marrow aspirates were obtained, mononuclear cells enriched for by Ficoll separation and cytospin slides prepared and stored at À701C. To improve FISH scoring specificity, we combined interphase FISH with immunofluorescent detection of the cytoplasmic light chain as previously described. 6 The FISH probes for detection of 13q deletions, t(11;14), t(4;14) and p53 deletions were previously described by us. 6 A total of 100 cells were scored for each abnormality and the percentages of cells with abnormal patterns recorded.
Progression-free survival (PFS) and overall survival (OS) were calculated from the transplant date by the KaplanMeier method. Survival curves between risk groups were compared by log-rank tests. Multivariate analysis of PFS and PS was performed using the COX proportional hazards regression model. P-values o0.05 were considered significant.
Results
Chromosome 13q deletions were detected by cIg-FISH in 39 of 104 (38%) patients, t(11;14) in 16 of 122 (13%) patients, t(4;14) in 15 of 123 (12%) patients and p53 deletions in 10 of 105 (10%) patients. No genetic abnormalities were detected in 43 patients (41%). In all, 34 patients (33%) had one genetic abnormality, 14 patients (13%) had two abnormalities and one (1%) had three genetic abnormalities. The coexistence of 13q deletions and t(4;14) was found in eight cases ( 8%), 13q deletion and p53 deletion in five (5%), t(4;14) and p53 deletion in one (1%).
The PFS and OS for patients with each genetic aberration are outlined in Table 2 . Patients with either 13q deletions, or t(4;14), or p53 deletions had significantly shorter PFS and OS. In contrast, t(11;14) did not confer a poor prognosis. p53 deletion was the most powerful adverse factor for PFS and OS, followed by t(4;14), and then 13q deletions ( Figure 1 ). Based on 104 MM cases that had informative FISH results for all four genetic markers, we propose a genetic-based risk stratification model with three distinct prognostic categories: low-risk patients with none of the genetic abnormalities tested or only t(11;14) (55 cases); intermediate risk with any one of the genetic abnormalities other than t(11;14) (34 cases); high-risk patients with two or three genetic abnormalities other than t(11;14) (15 cases). Their median OS was 18 months for the high-risk group, 46 months for the intermediate risk group and was not reached for the low-risk group (Po0.0001). The median duration of PFS was 10, 20 and 32.1 months, respectively (P ¼ 0.0009) (Figure 2a and b) . The relative risk (RR) for the different combination of any two risk factors was 6.0 (2.4-15.1, 95% CI) for OS and 3.7 (1.8-7.6, 95% CI) for PFS. Multivariate analysis including all four genetic risk factors confirmed that t(4;14) and p53 deletions were independent adverse factors for OS (P ¼ 0.0061, 0.0002, respectively) and PFS (P ¼ 0.0066, 0.0009, respectively).
Discussion
High-dose chemotherapy with ASCT represents the current standard of care in younger MM patients. [7] [8] [9] A careful prognostic evaluation of these patients is warranted to identify those who derive the most benefit from ASCT as well as those who might be potential candidates for innovative treatments. We have shown that MM patients undergoing ASCT can be classified by their underlying genetic aberrations and these abnormalities alone can establish prognostic categories. In our proposed FISHbased classification model, patients with no genetic abnormality or only t(11;14) have the best clinical outcome, and patients with only one adverse genetic abnormality have a better outcome than patients with two or more adverse genetic abnormalities. Our data add to the knowledge of prognostic factors for MM and assists in the selection of patients for referral for ASCT as some have a very poor prognosis even undergoing this costly and not entirely risk-free procedure. The frequencies of the four recurrent genetic changes detected in our patients are consistent with those described in large series. 3, [10] [11] [12] [13] We and others have shown that specific genetic changes in MM patients are linked to their distinct biological features, that is, association of a t(11;14) with light chain myeloma, t(4;14) with IgA isotype, 3,4,10 p53 deletions with higher creatinine and calcium levels. 5, 12 In this series, we found that eight of 15 (53%) patients with t(4;14) had 13q deletions, in contrast to an over 80% correlation between these two abnormalities reported by other groups. 10, 11 Consistent with other reports, all translocations in this cohort were mutually exclusive, no patients had two coexistent translocations.
Similar to the findings by Fonseca et al 12 in MM patients treated with conventional chemotherapy and Moreau et al 3 in those receiving high-dose therapy, we confirm that patients with t(4;14) or p53 deletions had worse prognosis than those with 13q deletions. When 13q deletions coexist with t(4;14) or p53 deletions, it appears that t(4;14) or p53 deletions outweighs the prognostic impact of 13q deletions, both the OS and the PFS are inferior to those of other patients with 13q deletions. In addition, we demonstrate that in the high-risk group in which 13 of 14 (93%) patients had 13q deletions, additional genetic changes, either t(4;14) or p53 deletions conferred even worse prognosis than any one of those alone.
In conclusion, we propose a FISH-based risk stratification model for MM patients undergoing ASCT. While prospective clinical trials are in need to confirm the validity of this model integrated with current biological risk factors, our data indicates that patients with 13q deletions, t(4;14) or p53 deletions and especially those with two or more of above genetic aberrations have limited benefit from ASCT and may be candidates for innovative treatments. , t(4;14) and p53 deletions). Group A ¼ none or t(11;14); Group B ¼ any one genetic abnormality other than 11;14; Group C ¼ any two or more genetic abnotmality other than t(11;14).
